SUBSTITUTE SPECIFICATION 



Title of the invention 

A Golf club and Method of Making A Golf club 

Background of the invention 

The present invention relates to a golf club and more 
particularly to a wood-type golf club having a specific 
relationship between the gravity point of its relatively large- 
sized club head and the torsional rigidity of the club shaft by 
which the head rebounds fully at impact. 

In recent years, metal wood-type golf clubs having a head 
volume over 250 cc are widely used. 

AS the increasing in the head volume leads the club head 
to a large moment of inertia, even if the golfer makes a miss 
shot off the sweet spot, the movement or reaction of the club 
head at impact becomes less, and the deterioration in the 
directional stability of hitting and loss of carry may be reduced. 
Therefore, large-sized golf club heads are preferred by many 
golfers, and the head volume is increasing and now reaches to 400 
cc or more. 

However, when the size of the club head is increased, the 
distance of the gravity point from the center line of the club 
shaft is basically increased. During the downswing, the club 
head is subjected to a force to rotate the club head around the 
club shaft center line. This force increases substantially in 
proportion to the increase in the gravity point distance. 
Therefore, in the case of a club head whose gravity point 
distance is long, as shown in Fig. 8, which shows the head motion 
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during the downswing from a moment proximate to impact to impact, 
the club face is likely not to fully rebound to a state of being 
square at impact. As a result, there is a tendency to slice a 
shot or to miss a shot towards a different direction B (a right 
direction B in the case of the right-handed golfer) than the 
direction A of the target trajectory, such a tendency is 
especially high in the case of average golfers- 

As a countermeasure for preventing such a miss shot, it 
has been known to provide a club face having a relatively large 
hook angle (or face angle). This method is premised on the fact 
that the club face does not rebound completely to a normal state 
where the club face becomes square. Thus, this is not a 
fundamental solution. Further, if the hook angle becomes large, 
it becomes difficult to address or feel odd. 

summary of the invention 

A primary object of the present invention is therefore, to 
provide a golf club, in which the fundamental problem, that is, 
where the club head does not rebound completely at impact, is 
solved without providing a large hook angle, and thus golfers may 
avoid the problems of a sliced shot and missed shot. 

Another object of the present invention is to provide a 
method of making a wood-type golf club 

which can provide an optimized combination of a club shaft and a 
club head, especially a large-sized club head. 

According to one aspect of the present invention, the 
wood-type golf club comprises a club shaft and a club head 
attached to an end of the club shaft, wherein 

the club length is in a range of from 43 to 48 inches, 
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the volume of the club head is in a range of not less than 
250 cc, and 

the torque T in degree of the club shaft and the gravity 
point distance L in mm between the gravity point of the club head 
and the center line of the club shaft satisfy the conditions 
CD T^0.143L-2.79 and (2) T S 0.286L-7.14. 

According to another aspect of the present invention, a 
method of making the golf club comprises 

measuring torque T in degree of the club shaft, 

measuring a gravity point distance L in mm of the club 

head, 

examining whether the torque T and gravity point distance 
L satisfy the conditions (1) T^0.143L-2 . 79 and (2) T^0.286L- 
7.14, and 

assembling the club shaft and club head when their torque 
T and gravity point distance L satisfy the conditions (1) and (2). 

Brief Description of the Drawings 

The present invention will become more fully 
understood from the detailed description given hereinbelow 
and the accompanying drawings, which are given by way of 
illustration only, and thus are not limitative of the 
present invention, and wherein: 

Fig.l is a front view of a golf club according to the 
present invention. 

Fig. 2 is a top view of the club head thereof. 

Fig. 3 is a cross sectional view of the club head taken 
along a line A-A of Fig. 2. 

Fig -4 is a diagram for explaining the torque T of the club 



3 



10/645,559 



shaft and a measuring method therefor. 

Fig. 5 shows an arrangement of prepreg pieces used in the 
method for making the golf club shaft. 

Fig. 6 is a graph showing the shaft torque and gravity 
point distance of the golf clubs used in the undermentioned 
hitting test. 

Figs -7(a) and 7(b) are top views for explaining the 
rotation angle of the club head around the club shaft center line. 

Fig -8 shows the motion of the club head during a downswing 
where the club face is open at impact. 

Description of the Preferred Embodiments 

Embodiments of the present invention will now be described 
in detail in conjunction with the accompanying drawings. 

Definitions 

"club length" is, as shown in Fig.l and Fig. 2, defined as 
the length E measured along the shaft center line CL from the end 
2e of the grip 2G to the intersecting point Y of the center line 
CL of the shaft 2 and the undermentioned horizontal plane HP 
under the measuring state. Here, the measuring state is that the 
club head 3 is placed on the horizontal plane HP so that the 
shaft center line CL inclines at the lie angle j3 , while keeping 
the center line CL within a vertical plane VPl, and the club face 
F forms the hook angle a with respect to the vertical plane VPl. 
when the club face F is slightly curved, the hook angle a is 
defined as an angle between a horizontal line N tangent to the 
sweet spot C on the club face F and the vertical plane VPl. 
Here, the sweet spot C is the point of intersection between the 
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ciMb face F and a straight line drawn normally to the club face F 
passing the gravity point G of the club head. 

"Torque" of the club shaft 2 is, as shown in Fig. 4, 
defined as the twist angle (degrees) of the shaft measured at a 
position at 40 mm from the end 2a (club head side) of the shaft 2 
when a torque Tr of 13.9 kgf • cm is applied to the 40 mm position, 
with a position at 40 mm + 825 mm from the end 2a being fixed 
immovably in any direction with a holder M. 

"Gravity point distance" of the club head 3 is the 
shortest distance L from the gravity point G to the shaft center 
line CL. 

According to the present invention, a wood-type golf club 
1 comprises a club shaft 2 with a grip 2G and a club head 3 
attached to the end 2a of the club shaft 2. 

Here, the "wood-type golf club" means at least from number 1 
wood through to number 5 wood. 

The club length E of the club 1 is set in the range of 
from 43 to 48 inches, preferably 43 to 47 inches, more preferably 
43 to 46 inches. 

The club head 3 is a hollow-center metal head comprising a 
face portion 4 whose front face defines a club face F for 
striking a ball, a crown portion 5 intersecting the club face F 
at the upper edge 4a thereof, a sole portion 6 intersecting the 
club face F at the lower edge thereof, a side portion 7 between 
the crown portion 5 and sole portion 6 which extends from a toe- 
side edge to a heel -side edge of the club face F through the back 
face of the club head, and a neck portion 8 attached to the end 
2a of the club shaft 2. 
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The volume of the club head 3 is set in the range of not 
less than 250 cc, preferably 270 to 500 cc, more preferably 300 
to 500 cc, still more preferably 320 to 480 cc in view of the 
moment of inertia of the club head 3 and the weight of the club 
head. 

The club head 3 in this example is composed of a main body 
formed as a lost-wax precision casting of a titanium alloy and a 
face plate formed by forging a titanium alloy. The face plate is 
welded to the front of the main body. Aside from titanium alloys, 
various metal materials such as aluminum alloy, pure titanium and 
stainless steel, composite materials such as FRP and the like may 
be usable to make the club head 3. Further, aside from casting, 
various methods may be employed to form the parts of the head. 

As shown in Fig. 3, the neck portion 8 is provided with a 
circular hole 8a for inserting the club shaft 2 which extends 
through a tubular extension towards the inside of the main body 
from the opening at the top end of the neck portion 8. 
Incidentally, the center line of the shaft-inserting hole 8a can 
be used instead of the center line CL of the club shaft 2, for 
example, in order to set up the club head alone at the lie angle 
lie angle i3 , to determine the gravity distance L or the like. 

If the gravity point distance L is too long, it becomes 
difficult for the club head to rebound completely. On the other 
hand, if the gravity point distance L is too short, the club head 
rebounds too far. Therefore, the gravity point distance L is 
preferably set in the range of from 33 to 41 mm, more preferably 
34 to 41 mm. 

The gravity point distance L can be controlled by changing 
the weight distribution of the club head. For example, 
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increasing the wall thickness or the material thickness on the 
toe-side may increase the gravity point distance L. On the 
contrary, increasing of the wall thickness on the heel -side may 
decrease the gravity point distance L. Aside from the changing 
of the wall thickness, the gravity point distance L may be 
changed by using a metal material having a large specific gravity, 
using a metal material having a small specific gravity, and 
changing of the shape of the club head. By utilizing these 
methods alone or in combination, the gravity point distance L is 
set in the above-mentioned range. 

The shaft 2 in this example is a tubular lamination of 
prepreg pieces P as shown in Fig. 5- Here, the prepreg is a sheet 
body of parallel reinforcing fibers impregnated with a heat- 
hardening resin- As to the reinforcing fibers, for example, 
carbon fiber, glass fiber, aramid fiber and metal fibers such as 
boron, titanium, tungsten, stainless steel, copper and alumina, 
and the like may be used alone or in combination of two or more 
kinds of fibers- As to the heat-hardening resin, for example, an 
epoxide resin, an unsaturated polyester resin, a phenolic resin, 
a vinyl ester resin and the like may be used alone or in a 
combination of two or more kinds of resins. in any case, fibers 
whose tensile elastic modulus is in a range of from 10000 to 
40000 kgf/sq.mm are preferably used. 

The method of making the shaft using such prepreg pieces P 
is as follows. First, the prepreg pieces P are wound around a 
mandrel. The wound prepreg pieces P are put into a mold together 
with the mandrel. Then, the mandrel is removed leaving the 
prepreg pieces P in the mold and an inflatable bladder is 
inserted instead- The bladder is inflated so that the prepreg 
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pLeces P are pressed onto the mold while applying heat. After 
the hardening has been done, the bladder and mold are removed. 

The prepreg pieces P include long prepreg pieces Pi and 
relatively small prepreg pieces Ps, wherein the long prepreg 
piece Pi have a length corresponding to the length of the shaft 2, 
and the small prepreg pieces Ps are mainly used to adjust or 
control properties of the shaft. 

In this embodiment, as shown in Fig. 5, the long prepreg 
pieces Pi include first-to-seventh long prepreg pieces Pll to Pi 7. 
The small prepreg pieces Ps include first, second, fourth and 
fifth small prepreg pieces Psl, Ps2, Ps4 and Ps5 which are wound 
on the club head side and a third small prepreg piece Ps3 which 
is wound on the grip side. These prepreg pieces P are wound in 
the order from top to bottom in the figure 5. In the first and 
second long prepreg pieces Pll and Pi 2, the reinforce fibers are 
oriented to one direction at an angle d of from 40 to 50 degrees 
with respect to the shaft center line CL. in the third, fifth 
and seventh long prepreg pieces Pi 3, Pi 5 and Pi 7, the reinforce 
fibers are oriented to a direction parallel with the shaft center 
line CL. in the fourth and sixth long prepreg pieces Pi 4 and Pi 6, 
the reinforce fibers are oriented to a direction perpendicular to 
the shaft center line CL. in Fig. 5, the oriented direction of 
the reinforce fibers of each prepreg piece Pis indicated by an 
arrow, and the angle 0 is also indicated, as the club shaft 2 is 
tapered from the grip 2G to the head 2, over one-half of the long 
prepreg Pi to P7 are tapered accordingly. The others have almost 
constant widths. 

The above-mentioned torque of the shaft can be adjusted by 
changing the number of the prepreg pieces P, the shape and/or 
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size of each prepreg piece P especially small prepreg piece Ps, 
and the orientation angle 0 of the reinforce fibers therein. 
For example, in the first and second small prepreg Psl and Ps2, 
if the angle d of the reinforce fibers is increased, the torque 
may be decreased. 

As the above-explained laminating method is easy to 
control the shaft torque, this method is preferably employed. 
But, it is not necessary to limit the method of making the shaft 
2 to this laminating method. For example, the so called "tape 
wrapping method", "filament winding method" and the like may be 
also used. 

According to the present invention, the gravity point 
distance L in mm and the torque T in degrees have to satisfy the 
following conditions (1) and (2), preferably the following 
conditions (1) and (3). 

(1) T ^ 0.143 L - 2.79 

(2) T ^ 0.286 L - 7.14 

(3) T ^ 0.286 L - 7.89 

These conditions (1), (2) and (3) were discovered by the inventor 
as a result of a large number of hitting tests and experimental 
manufacture. 

If the torque T of the shaft 2 is more than (0.286L-7. 14) , 
it becomes difficult for the golfer to square the club face, and 
the angle 6 1 at impact shown in Fig. 7(a) tends to increase. 
Further, as the shaft is liable to be twisted by the reaction of 
impact, the directional stability is liable to be lost. 
If the torque T is less than C0-143L-2.79) , as the rotation of 
the club head around the shaft center line during swing becomes 
decreased, it is difficult to obtain an effective increase in the 
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head speed. Furthermore, the golf club will feel unfavorably 
stiff, and the club face rebounds too far and the angle 6 2 at 
impact, as shown in Fig. 7(b), tends to increase. 

Comparison Tests 

Drivers (#1 wood) having the basic structure shown in 
Figs.l to 3 and the specifications given in Table 1 were made by 
way of test and hitting test was conducted. 

The prepreg pieces of each shaft had a basically same 
arrangement as shown in Fig. 5 except that the first and second 
small prepreg pieces Psl and Ps2 were changed in the angle 0 of 
the reinforce fibers to change the torque. 

The gravity point distance was changed by adding a weight 
made of a metal having a large specific gravity to the club head 
main body. 

Hitting test 

Ten golfers whose handicaps ranged from 2 to 11 hit three- 
piece balls (HI-BRID, Sumitomo Rubber Ind., Ltd.) ten times per 
club, and the traveling distance (carry + run) and the difference 
from the target trajectory of the struck balls were measured. 
Their averaged values are shown in Table 1. Further, the 
golfers' impressions of the clubs during swing were classified 
into "stiff", "suitable" and "flexible" and counted. The results 
are shown in Table 1. 
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Table 1 



Club 


Ex.1 


Ex.2 


Ex.3 


Ex.4 


Ex.5 


Ref.1 


Ref.2 


Ref.3 


Ref.4 


Ref.5 


Ref.6 


Length E (In.) 


45 


45 


45 


45 


45 


45 


45 


45 


45 


45 


45 


Head 

\/nltiiTtP (cT'S 

Material 


350 


350 


350 


350 


350 


350 


350 


350 


350 


350 


350 


Main bod^ 


f Ti-6A 


-4V, 


=ace plate: Ti-4 


.5AI-3V-2Fe-2 


m 


Hook anale fdea) 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


Lie anale (dea) 


56 


56 


56 


56 


56 


56 


56 


56 


56 


56 


56 




9 


9 


10 


11 


11 


9 


9 


10 


10 


11 


11 


Gravity point distance L 


34.3 


34.3 


37.8 


40.5 


40.5 


34.3 


34.3 


37.8 


37.8 


40.5 


40.5 


(mm) 
























Club shaft 
























Mass (g) 


56.5 


56.5 


56.5 


56.5 


56.5 


56.5 


56.5 


56.5 


56.5 


56.5 


56.5 


Flex 


Normal: 114 mm, Inverse: 1 


07 mm 


Shaft torque T (deg.) 


2.2 


2.5 


3.4 


3 


4.2 


3 


1.6 


4 


1.8 


4.7 


2.2 


Conditions * 
























(1)T^ 0.143 L- 2.79 


S 


S 


S 


S 


S 


S 


N 


S 


N 


S 


N 


(2)T ^ 0.286 L- 7.14 


S 


S 


S 


S 


S 


N 


S 


N 


S 


N 


S 


(3) T ^ 0.286 L- 7.89 


S 


S 


S 


N 


S 


S 


N 


S 


N 


S 


N 


Test results 
























Head speed (m/s) 


51.2 


51.4 


43.8 


39.5 


39.4 


51.5 


51 


44 


42.5 


39.6 


38.8 


Traveling distance (yard) 


252.3 


254.4 


228 


203.3 


204.5 


249.8 


245.3 


227.4 


223 


195.3 


191.1 


Difference (yard) 


2.3 


6.5 


4.8 


3.2 


6.5 


13.3 


5.7 


12.2 


9.8 


14.5 


11.4 


Impression of Shaft 
























Stiff (person) 


2 


1 


1 


2 


1 


0 


7 


0 


9 


0 


9 


Suitable (person) 


8 


9 


g 


8 


9 


2 


3 


3 


1 


1 


1 


Flexible (person) 


0 


0 


0 


0 


0 


8 


0 


7 


0 


9 


0 



*) S: Satisfied, N: Not satisfied 



Common Data on Prepreg piece 



Prepreg piece 


Elastic modulus (kgf/sq.mm) 


PI1 


40000 


PI2 


40000 


PI3 


30000 


PI4 


30000 


Pl5 


30000 


PI6 


30000 


PI7 


30000 


Psi 


24000 


Ps2 


10000 


Ps3 


40000 


Ps4 


24000 


Ps5 


24000 



Reinforcing fibers: carbon 
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The test results are also plotted in a graph of distance L 
vs. torque T shown in Fig. 6 wherein the traveling distance is 
indicated by a square bar whose height corresponds to a part of 
the traveling distance over 180 yards, and the difference is 
indicated by a half-round bar whose height corresponds to the 
difference. The area satisfying the conditions (1), (2), (3) is 
provided with hatching. 

From the test results, it was confirmed that the golf 
clubs according to the present invention can be improved in the 
traveling distance, and the difference from the target trajectory 
as the result of the improved rebound of the club face. 
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Title of the invention 

/> ^ 

^Golf club and Method of making Golf club 

Background of the invention 

The present invention relates to a golf club^j^more 

/\ 

particularly to a wood-type golf club having a specific 
relationship between the gravity point of its relatively large- 
sized club head and the torsional rigidity of the club shaft by 
which the head rebounds fully at impact. 

in recent years, metal wood-type golf clubs having a head 
volume over 250 cc are widely used. 

As the increasing in the head volume leads the club head 
to a large moment of inertia, even if the golfer makes a miss 
shot off the sweet spot, the movement or reaction of the club 
head at impact becomes less, and the deterioration in the 
directional stability of hitting and loss of carry may be reduced, 
Therefore, large-sized golf club heads are preferred by many 
golfers, and the head volume is increasing and now reaches (ToJ 400 
cc or more. 

However, when the size of the club head is increased, the 
distance of the gravity point from the center line of the club 
shaft is basically increased. During downswing, the club head is 
subjected to a force to rotate the club head around the club 
shaft center line. This force increases substantially in 
proportion to the increase in the gravity point distance. 
Therefore, in^case of ^e)club head whose gravity point distance 
is long, as shown in Fig. 8 which shows the head motion during 
^downswing from a moment proximate to. impact to ^ej]pmpact, the 
club face is likely not to fully rebound to a state of^squ^e at 
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jthe) impact. As a result, there is a tendency to slice a shot or 
to miss a shot towards a different direction B (a right direction 
B in case of the right-handed golfer) than the direction A of the 
target trajectory. Such a tendency is especially high in case of 
average golfers. 

AS a countermeasure for preventing such a miss shot, it 
has been known to provide a club face having a relatively large 
hook angle (or face angle). This method is premised on^^^at the 
club face does not rebound completely to a normal state where the 
club face becomes square. Thus, this is not a fundamental 
solution- Further, if the hook angle becomes large, it becomes 
difficult to address or feel odd. 

summary of the Invention 

A primary object of the present invention is therefore, to 
provide a golf club, in which the fundamental problem, that is, 
J: he club head Ean")not rebound completely at impact, is solved 
without providing a large hook angle, andgolfers may be (?reed 
from troublesj of^sliceshot and missshot. 

Another object of the present invention is to provide a 
method of making a wood-type golf club 

which can provide an optimized combination of a club shaft and a 
club head ^especially a large-sized club head- 

According to one aspect of the present invention, (a)^od- 
type golf club comprises a club shaft and a club head attached to 
an end of the club shaft, wherein 

0club length is in a range of from 43 to 48 inches, 
(ajvolume of the club head is in a range of not less than 
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2S0 cc, and 

/^jtorque T in degree of the club shaft and(a) gravity point 
distance L in mm between the gravity point of the club head and 
the center line of the club shaft satisfy the conditions 
(1) T^0.143L-2.79 and (2) T ^ 0.286L-7.14. 



According to another aspect of the present invention, a 

^. tic- 
method of making (a Jgolf club comprises 

measuring (a)torque T in degree of the club shaft, 

measuring a gravity point distance L in mm of the club 

head, 

examining whether the torque T and gravity point distance 
L satisfy the conditions (1) T^0.143l-2.79 and (2) T^0.286L- 
7 . 14 , and 

assembling the club shaft and club head when their torque 
T and gravity point distance L satisfy the conditions CI) and (2). 

Brief Description of the Drawings 

Fig.l is a front view of a golf club according to the 
present invention. 

Fig. 2 is a top view of the club head thereof. 

Fig. 3 is a cross sectional view of the club head taken 

along a line A-A of Fig. 2. J^t-^ ^g^'''^ 

Fig. 4 is a diagram for explaining the torque T of(a)club 

N 

shaft and a measuring method therefor. 

Fig. 5 shows an arrangement of prepreg pieces used inQij-fe^ 
method for making the club shaft. 

Fig. 6 is a graph showing the shaft torque and gravity 
point distance of the golf clubs used in the undermentioned 
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hitting test. . 

Figs. 7(a) and 7(b) are top views for explaining(a) rotation 

angle of the club head around the club shaft center line. 

Fig. 8 shows (a) motion of the club head during downswing 
^ A. 

where the club face is open at impact, 



Description of the Preferred Embodiments 

Embodiments of the present invention will now be described 
in detail in conjunction with the accompanying drawings. 



Definitions 

"Club length" is, as shown in Fig.l and Fig. 2, defined as 
the length E measured along the shaft center line CL from the end 
2e of the grip 2g to the intersecting point Y of the center line 
CL of the shaft 2 and the undermentioned horizontal plane HP 
under the measuring state. Here, the measuring state is that the 
club head Sis placed on the horizontal plane hp so that the 
shaft center line CL inclines at the lie angle /3 , while keeping 
the center line CL within a vertical plane VPl, and the club face 
F forms the hook angle a with respect to the vertical plane VPl. 
When the club face F is slightly curved, the hook angle a is 
defined as an angle between a horizontal line N tangent to the 
sweet spot c on the club face F and the vertical plane VPl. 
Here, the sweet spot C is the point of intersection between the 
club face F and a straight line drawn normally to the club face F 
passing the gravity point G of the club head. 

"To rgue"^ of the club shaft 2 is, as shown in Fig. 4, 
defined as the twijX-5^ (degrees) of the shaft measured at a 
position at 40 mm from the end 2a (club head side) of the shaft 2 
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when a torque Tr of 13.9 kgf • cm is applied to^is340 mm position, 
with a position at 40 mm + 825 mm from the end 2a(t 
immovably in any direction with a holder M. 

"Gravity point distance" of the club head 3 is the 
shortest distance L from the gravity point G to the shaft center 
line CL- 

According to the present invention, a wood-type golf club 
1 comprises a club shaft 2 with a grip 2G and a club head 3 
attached to the end 2a of the club shaft 2. 

Here, the "wood-type golf club" means at least from number 1 
wood through to number 5 wood. 

The club length E of the club lis set in the range of 
from 43 to 48 inches, preferably 43 to 47 inches, more preferably 
43 to 46 inches. 

The club head 3 is a hollow-center metal head comprising a 
face portion 4 whose front face defines a club face F for 
striking a ball, a crown portion 5 intersecting the club face F 
at the upper edge 4a thereof, a sole portion 6 intersecting the 
club face F at the lower edge thereof, a side portion 7 between 
the crown portion 5 and sole portion 6 which extends from a toe- 
side edge to a heel -side edge of the club face F through the back 
face of the club head, and a neck portion 8 attached to the end 
2a of the club shaft 2. 

v olu me of the c lub head 3 is set in the range of not 
less than 250 cc, preferably 270 to 500 cc, more preferably 300 
to 500 cc, still more preferably 320 to 480 cc in view of the 
moment of inertia of the club head 3 and the weight of the club 
head. 
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The club head Sin this example is composed of a main body 
formed as a lost-wax precision casting of a titanium alloy and a 
face plate formed by forging a titanium alloy. The face plate is 
welded to the front of the main body. Aside from titanium alloys, 
various metal materials such as aluminum alloy, pure titanium and 
stainless steel, composite materials such as FRP and the like may 
be usable to make the club head 3- Further, aside from casting, 
various methods may be employed to form the parts of the head. 

As shown in Fig. 3, the neck portion 8 is provided with a 
circular hole 8a for inserting the club shaft 2 which extends 
through a tubular extension towards the inside of the main body 
from the opening at the top end of the neck portion 8. 
Incidentally, the center line of the shaft-inserting hole 8a can 
be used instead of the center line CL of the club shaft 2, for 
example, in order to set up the club head alone at the lie angle 
lie angle i3 , to determine the gravity distance L or the like. 

If the gravity point distance Lis too long, it becomes 
difficult for the club head to rebound completely- On the other 
hand, if the gravity point distance L is too short, the club head 
rebounds too far. Therefore, the gravity point distance L is 
preferably set in the range of from 33 to 41 mm, more preferably 
34 to 41 mm . 

— (Z^ 

The gravity point distance L can be controlled by changing 
the weight distribution of the club head. For example, 
^increasing (^f^the wall thickness or^material thickness on the 
toe-si de^ay increase the gravity point distance L. On the 
contrary, increasing of the wall thickness on the heel -side may 
decrease the gravity point distance L. Aside from the changing 
of the wall thickness, the gravity point distance L may be 



6 



changed biasing metal material having a large specific 

gravity, us.ing/bf)a metal material having a small specific 
gravityT "^itnd changing of the shape of the club head. 
By utilizing these methods alone or in combination , the g ravity . 
point distance L is set in the above-mentign^^ 

The shaft 2 in this example is a tubular lamination of 
prepreg pieces P as shown in Fig. 5. Here, the prepreg is a sheet 
body of parallel reinforcing fibers impregnated with a heat- 
hardening resin. As to the reinforcing fibers, for example, 
carbon fiber, glass fiber, aramid fiber and metal fibers such as 
boron, titanium, tungsten, stainless steel, copper and alumina, 
and the like may be used alone or in combination of two or more 
kinds of fibers, as to the heat-hardening resin, for example, 
\!epoxide resin, unsaturated polyester resin, phenolic resin, 
V vinyl ester resin and the like may be used alone or in combination 
of two or more kinds of resins. In any case, fibers whose 
tensile elastic modulus is in a range of from 10000 to 40000 
kgf/sq.mm are preferably used. 

[Ajmethod of making the shaft using such prepreg pieces P 
is as follows. First, the prepreg pieces P are wound around a 
mandrel. The wound prepreg pieces P are put into a mold together 
with the mandrel. Then, the mandrel is removed leaving the 
prepreg pieces P in the mold and an inflatable bladder is 
inserted instead. The bladder is inflated so that the prepreg 
pieces P are pressed onto the mold while applying heat. After 
the hardening has been done, the bladder and mold are removed. 

The prepreg pieces P include long prepreg pieces Pi and 
relatively small prepreg pieces Ps, wherein the long prepreg 
piece Pi have a length corresponding to the length of the shaft 2, 
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clnd the small prepreg pieces Ps are mainly used to adjust or 
control properties of the shaft. 

In this embodiment, as shown in Fig. 5, the long prepreg 
pieces Pi include first-to-seventh long prepreg pieces Pll to Pi 7. 
The small prepreg pieces Ps include first, second, fourth and 
fifth small prepreg pieces Psl, Ps2, Ps4 and Ps5 which are wound 
on the club head side and a third small prepreg piece Ps3 which 
is wound on the grip side. These prepreg pieces P are wound in 
the order from top to bottom in the figure 5- 
In the first and second long prepreg pieces Pll and Pl2, the 
reinforce fibers are oriented to one direction at an angle 9 of 
from 40 to 50 degrees with respect to the shaft center line CL. 
In the third, fifth and seventh long prepreg pieces Pi 3, Pi 5 and 
Pi 7, the reinforce fibers are oriented to a direction parallel 
with the shaft center line CL. in the fourth and sixth long 
prepreg pieces Pl4 and Pl6, the reinforce fibers are oriented to 
a direction perpendicular to the shaft center line CL. in Fig. 5, 
the oriented direction of the reinforce fibers of each prepreg 
piece P is indicated by an arrow, and the angle 0 is also 
indicated. As the club shaft 2 is tapered from the grip 2G to 
the head 2, over half of the long prepreg Pi to p7 are tapered 
accordingly. The others have almost constant widths. 

The above-mentioned torque of the shaft can be adjusted by 
changing the number of the PXfJirj£..«£2£5^s P ,^ t he^^h^e^ and/o r 
size of each prepreg piece P especially small prepreg piece Ps, 
and the orientation angle 0 of the reinforce fibers therein- 
For example, in the first and second small prepreg Psl and Ps2, 
if the angle & of the reinforce fibers is increased, the torque 
may be decreased. 
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AS the above-explained laminating method is easy to 
control the shaft torque, this method is preferably employed. 
But, it is not necessary to limit the method of making the shaft 
2 to this laminating method. For example, the so called "tape 
wrapping method", "filament winding method" and the like may be 
also used- 

According to the present invention, the gravity point 
distance L in mm and the torque T in degrees have to satisfy the 
following conditions (1) and (2), preferably the following 
conditions (1) and (3) , 

(1) T ^ 0.143 L - 2.79 

(2) T ^ 0.286 L - 7.14 

(3) T ^ 0.286 L - 7.89 

These conditions (1), (2) and (3) were discovered by the inventor 
as a result of a large number of hitting tests and experimental 
manufacture. 

If the torque T of the shaft 2 is more than C0.286L-7.14) , 
it becomes difficult for the golfer to square the club face, and 
the angle 51 at impact shown in Fig-7Ca) tends to increase. 
Further, as the shaft is liable to be twisted by the reaction of 
impact, the directional stability is liable to be lost. 
If the torque T is less than CO. 143L-2 . 79) , as the rotation of 
the club head around the shaft center line during swing becomes 
decreased, it is difficult to obtain an effective increase in the 
head speed. Further, the golf club will vbe felt\ unfavorably 
Stiff, and the club face rebounds too far and the angle 6 2 at 
impact shown in Fig. 7(b) tends to increase. 



comparison Tests 

Drivers (#1 wood) having the basic structure shown in 
Figs.l to 3 and the specifications given in Table 1 were made by 
way of test and hitting test was conducted. 

The prepreg pieces of each shaft had a basically same 
arrangement as shown in Fig. 5 except that the first and second 
small prepreg pieces Psl and Ps2 were changed in the angle 6 of 
the reinforce fibers to change the torque - 

The gravity point distance was changed by adding a weight 
made of a metal having a large specific gravity to the club head 
main body. 

Hitting test 

Ten golfers whose handicaps ranged from 2 to 11 hit three- 
piece balls (HI-BRID, Sumitomo Rubber ind., Ltd.) ten times per 
club, and the traveling distance (carry + run) and the difference 
from the target trajectory of the struck balls were measured. 
Their averaged values are shown in Table 1. Further, the 
golfers' impressions of the clubs during swing were classified 
into "stiff", "suitable" and "flexible" and counted. The results 
are shown in Table 1. 
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Table 1 



Club 


Ex.1 


Ex.2 


Ex.3 


Ex.4 


Ex.5 


Ref.1 


Ref.2 


Ref.3 


Ref.4 


Ref.5 


Ref.6 


Length E (in.) 


45 


45 


45 


45 


45 


45 


45 


45 


45 


45 


45 


\/r\liimo if^\ 
vUlUIMc 

Maieriai 


350 


350 


350 


350 


350 


350 


350 


350 


350 


350 


350 


Main body: Ti-6A 


V , 


-ace plate: Ti-4.5AI-3V-2Fe-2 


Mo 


LJaaI^ onnia 

nooK angle vQ^y/ 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


Lie oiiyic ^uc;yj 


56 


56 


56 


56 


56 


56 


56 


56 


56 


56 


56 


LOU. diiyic ^ucy^ 


9 


9 


10 


11 


11 


9 


9 


10 


10 


11 


11 


oidviiy |juii 11 uidicii IOC 1— 


34.3 


34.3 


37.8 


40.5 


40.5 


34.3 


34.3 


37.8 


37.8 


40.5 


40.5 


(mm) 
























Club shaft 
























Mass (g) 


56.5 


56.5 


56.5 


56.5 


56.5 


56.5 


56.5 


56.5 


56.5 


56.5 


56.5 


Flex 


Nomial: 114 mm, Inverse: 1 


07 mm 


Shaft torque T (deg.) 


2.2 


2.5 


3.4 


3 


4.2 


3 


1-6 


4 


1.8 


4.7 


2.2 


Conditions * 
























(1)T ^ 0.143 L- 2.79 


S 


S 


S 


S 


S 


S 


N 


S 


N 


S 


N 


(2)T ^ 0 286 L- 7 14 


S 


S 


S 


S 


S 


N ■ 


S 


N 


S 


N 


S 


n\ T ^ 0 286 L - 7 89 


S 


S 


S 


N 


S 


S 


N 


S 


N 


S 


N 


Test results 
























Head speed (m/s) 


51.2 


51.4 


43.8 


39.5 


39.4 


51.5 


51 


44 


42.5 


39.6 


38.8 


Traveling distance (yard) 


252.3 


254.4 


228 


203.3 


204.5 


249.6 


.245.3 


227.4 


223 


195.3 


191.1 


Difference (yard) 


2.3 


.6.5 


4.8 


3.2 


6.5 


13.3 


5.7 


12.2 


9.8 


14.5 


11.4 


Impression of Shaft 
























Stiff (person) 


2 


1 


1 


2 


1 


0 


7 


0 


9 


0 


9 


Suitable (person) 


8 


9 


9 


8 


9 


2 


3 


3 


1 


1 


1 


Flexible (person) 


0 


0 


0 


0 


0 


8 


0 


7 


0 


9 


0 



*) S: Satisfied, N: Not satisfied 



Common Data on Prepreg piece 



Prepreg piece 


Elastic modulus (kgf/sq.mm) 


PI1 


40000 


PI2 


40000 


PI3 


30000 


PI4 


30000 


PI5 


30000 


PI6 


30000 


PI7 


30000 


Psi 


24000 


Ps2 


10000 


Ps3 


40000 


Ps4 


24000 


Ps5 


24000 



Reinforcing fibers: carbon 
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The test results are also plotted in a graph of distance L 
vs. torque T shown in Fig- 6 wherein the traveling distance is 
indicated by a square bar whose height corresponds to a part of 
the traveling distance over 180 yards, and the difference is 
indicated by a half-round bar whose height corresponds to the 
difference. The area satisfying the conditions (1), (2), (3) is 
provided with hatching. 

From the test results, it was confirmed that the golf 
clubs according to the present invention can be improved in the 
traveling distance, and the difference from the target trajectory 
as the result of the improved rebound of the club face. 
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